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Question 1 (45 marks) 
A 30 mol% solution of A in B at its boiling point is to be continuously distilled to give a top 
product of 90 mol% A and a bottom product containing not more than 5 mol% of A. The 
reflux ratio is to be five times the minimum value. 
a) Estimate the number of theoretical plates required to effect the separation is to be 
obtained by the enthalpy-concentration method (30 marks); 
b) Compare the number of theoretical plates obtained in (a) with the value obtained by 
the McCabe-Thiele method (8 marks); 
c) Obtain the heat removed in the condenser and the heat to be supplied in the reboiler 
(7 marks). 
The condition of condensate leaving the condenser is liquid at its boiling point. Equilibrium 
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Figure 1. Equilibrium and enthalpy data 
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Question 2 (20 marks) 
95% of the acetone vapour in an 85 vol% air stream is to be absorbed by countercurrent 
contact with pure water in a valve-tray column with an expected overall tray efficiency of 
50%. The column will operate at 20 0C and 101 kPa (760 torr). The gas feed rate is 100 
kmol/h. Equilibrium data for acetone-water are given in Table 1. Calculate: 
a) the minimum value of 𝐿𝐿′/𝑉𝑉′, the ratio mol H2O/mol air (10 marks); 
b) theoretical and real number of stages, using a value of 𝐿𝐿′/𝑉𝑉′ of 1.25 times the 
minimum (5 marks); 
c) the concentration of acetone in the exit water (5 marks). 
Table 1. Equilibrium data for acetone-water 
Mole-percent acetone in water 3.3 7.2 11.7 17.1 
Acetone partial pressure in air, torr 30.0 62.8 85.4 103.0 
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Question 3 (35 marks) 
The system docosane – diphenylhexane (DPH) – furfural is representative of complex 
systems encountered in the solvent refining of lubricating oils. Five hundred kg/h of a 40 
wt% mixture of DPH in docosane are to be extracted in a countercurrent system with 500 
kg/h of a solvent containing 98 wt% furfural and 2 wt% DPH to produce a raffinate of 5 wt% 
DPH. Calculate the number of stages required and the kg/h of DPH in the extract. Phase 
equilibrium and tie-line data for the system at 80 0C and 1 atm are presented in Tables 2 and 
3. You will find blank equilateral triangle diagrams below. 
Table 2. Phase equilibrium data 
wt% at 80 0C  
Docosane DPH Furfural 
90.3 0.0 9.7 
50.5 29.5 20.0 
34.2 35.8 30.0 
23.8 36.2 40.0 
16.2 33.8 50.0 
10.7 29.3 60.0 
6.9 23.1 70.0 
4.6 15.4 80.0 
3.0 7.0 90.0 
2.2 0.0 97.8 
 
 Table 3. Tie-line data 
Docosane phase composition, wt% Furfural phase composition, wt% 
Docosane DPH Furfural Docosane DPH Furfural 
86.7 3.0 10.3 2.6 3.3 94.1 
73.1 13.9 13.0 4.6 15.8 79.6 
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